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TECHNICAL MEMORANDUM 


GLOBAL MATRIX OF THERMOSPHERIC DENSITY VALUES FOR SELECTED SOLAR/ 
GEOMAGNETIC CONDITIONS AND SPACECRAFT ORBITAL ALTITUDES 


INTRODUCTION 


Presented in this report are selected atmospheric global density values at 
thermospheric and exospheric altitudes above the Earth, under differing solar and 
geomagnetic conditions as computed by the MSFC/J70 Reference Orbital Atmosphere 
Model (Reference 1; section A. 3, Appendix A). 

The altitudes selected for presentation in this report are those of interest to 
the Space Station [2] and the Tethered Satellite. The nineteen altitudes selected for 
presentation in this report are listed in Table 1. 

Four differing solar /geomagnetic conditions — ranging from low to peak solar 
activities (Table 2) — were used as inputs in the MSFC/J70 model. These are design 
conditions used by the MSFC Atmospheric Sciences Division in the development of 
criteria inputs for use in various MSFC projects. 
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Atmospheric density values (kg/m ) were computed on a 614 point global 
matrix with a 10 deg latitude /longitude spacing for each of the 19 altitude levels. 

These global density values representing low, nominal, high and peak solar input 
conditions are presented in Tables 3 through 6, respectively. March 21st at 1400 UT 
was selected for the calculations and this results in the diurnal density bulge being 
located on the equator. Throughout the year, the density bulge follows the sub- 
solar point in terms of its Earth latitude location. 

The density data presented in this gridded format are intended to provide the 
engineer /researcher a better understanding of the density variation of the atmosphere, 
as a function of different solar /geomagnetic conditions, at these different orbital 
altitudes. Individual orbital trajectories may be placed over the tables so that 
density variations around an orbit can be studied. An example of this is presented 
in a subsequent section of this report. The matrix mean density value is calculated 
and presented in each table. 

The gridded density values presented in this report do not represent all the 
dynamics of the thermosphere since the MSFC/J70 model is based on smoothed 
satellite drag /lifetime data, and the within orbit and geomagnetic storm atmospheric 
density dynamics have been smoothed in the process. 


DENSITY TABLES 


Tables 3 through 6 present altitude based global density gridded results for 
low, nominal, high and peak solar /geomagnetic conditions, respectively. There is an 
individual table for every altitude level, for each of the four input conditions. 


ANALYSES 




The minimum, mean, and maximum density value has been extracted from each 
matrix ana these are presented in Table 7 as a function of altitude level. The per- 
centage values given in Table 7 represent the percent density change from minimum 
to maximum density, for each solar condition /altitude category. Figure 1 is a plot 

of the Table 7 mean and extreme values of density (kg/m ) versus altitude (km). 

One can readily see how the variability with solar activity in the MSFC/J70 model is 
constrained as one approaches the model boundary condition established at 90 km 
altitude by Jacchia [ 3] . Those using the model in the lower altitudes should keep 
this fact in mind. The density variability between 90 and 115 km altitude, as pre- 
sented in the MSFC/GRA model [4] which uses the MSFC/J70, is somewhat larger due 
to the elimination of the GRA's J70 90 km boundary condition. 

Finally, depending on the orbit altitude, the variation in atmospheric density 
within an orbit, resulting from an orbit that goes from the minimum to the maximum 
density value as given in the matrix, can exceed a percentage increase of 485 per- 
cent. Figure 2 illustrates how much the density calculation from the model can vary 
within an orbit during low, high and peak solar /geomagnetic conditions between 130 
and 1100 km altitude, assuming solar activity remains constant during the orbital 
period. Also the altitude of the maximum diurnal density difference increases as the 
solar /geomagnetic conditions increase. The maximum diurnal density difference during 
low solar conditions occurs at 500 km altitude while the density difference during high 
solar conditions occurs between 900 and 1000 km altitude. The model output indi- 
cates the altitude for maximum variation for peak solar conditions occurs above 1100 
km. 

The two figures show that during low solar /geomagnetic conditions there is a 
larger percentage variation in density from night-to-day at lower altitudes as com- 
pared with those derived from high or peak solar /geomagnetic conditions. 


ORBITAL DENSITY EXAMPLE 


A first estimate of the density to be encountered by a spacecraft can be 
obtained from the density tables given in this report. The example presented in 
Table 8 represents one orbit realization involving the Space Station. An altitude of 
270 nautical miles (500 km) and an orbit inclination of 28.5 deg were selected during 
high solar /geomagnetic conditions. This 500 km altitude circular orbit is presented 
in Table 8, overlaying a matrix of computed density values with a spacing of 10 deg 
for latitude and longitude. This results in the spacecraft encountering 12 separate 
density matrix locations on its orbit around the globe. 

The specific example presented in Table 8 represents an orbit crossing the 
equator at 0 deg and again at 180 deg longitude. The mean density for this orbit 
.11 3 

(0.3319 x 10 kg/m ) is the maximum density mean when considering any of the 
other 35 orbital paths. The orbit goes through the density bulge centered at 

i -1 

approximately 0 deg latitude/0 deg longitude (with maximum density of 0.5031 x 10 

3 -11 3 

i kg/m ), as well as through the minimum density area (0.2198 x 10 kg/m ) at 

! 0 deg latitude /180 deg longitude. This represents a variation of 129 percent in 

I density within this orbit example. 
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Table 9 lists the mean density magnitudes for 18 orbit scenarios at 500 km 
altitude. The orbit presented in Table 8 corresponds to the 12-point orbit mean, 
entitled 0 deg E longitude, in Table 9. It refers to the longitude where the orbit 
crosses the equator. The variation between any of the 18 orbit means in Table 9 is 

-11 3 

small. For example the maximum orbit density mean of 0.3319 x 10 kg/m (for the 
0 deg longitude crossing orbit) is only 0.6 percent greater than the minimum orbit 

-11 3 

density mean of 0.3301 x 10 kg/m (for the 280 deg longitude crossing orbit). 
However both of these orbit means are greater than the entire 612 point, -90 deg to 

+90 deg latitude, matrix mean value of 0.3262 x 10 -1 * kg/m^. The 0 deg longitude 
crossing orbit mean density value is only 1.8 percent greater than the matrix (global) 
mean. While the 280 deg longitude crossing orbit mean value is 1.2 percent greater 
than the matrix (global) mean density. Examples like this can be developed for other 
altitude levels, solar /geomagnetic conditions, and orbit inclinations. Running the 
MSFC/J70 model for a different time of year will also alter orbit means from those 
given in these sample calculations. 


CONCLUSION 


This report presents some typical day-night atmospheric density values on a 
horizontal gridded global matrix for 19 selected thermospheric /exospheric altitude 
levels between 130 and 1100 km. These density calculations are representative of 
four different solar /geomagnetic conditions ranging from low to peak solar /geomagnetic 
activity . 

These results were developed to provide some examples for "frame-of-reference" 
information on orbit density values at various altitudes and solar /geomagnetic condi- 
tions. A typical analysis of individual orbital density values that may be encountered 
by a spacecraft is presented as an example. 


NOTE : 

This report and the calculations of density using the MSFC/J70 upper atmosphere 
model was accomplished to help provide additional insight for engineers /researchers 
on the magnitudes of day-night density variations, etc. Specific values of density 
to be used for design or mission analysis should be obtained from the MSFC 
Atmospheric Sciences Division and requested through the responsible flight project 
office representative. 
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SOLAR CONDITIONS: 






TABLE 1. 19 ALTITUDE LEVELS SELECTED FOR THE OUTPUT 

OF ATMOSPHERIC DENSITY IN THIS REPORT 


Altitude Level (km) 


130 

300 

556 

800 

200 

400 

600 

900 

230 

408 

700 

1000 

250 

445 

705 

1100 

275 

500 

750 



TABLE 2. SOLAR FLUX AND GEOMAGNETIC INDEX MSFC/J70 MODEL 

INPUT VALUES USED 


Solar /Geomagnetic 

Daily F10.7 « 

Condition 

Solar Flux 

Low 

70 

Nominal 

150 

High 

230 

Peak 

230 


16 2- day Average 

Geomagnetic 

Solar Flux 

Index A„ 
P 

70 

0 

150 

15 

230 

35 

230 

400 
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TABLE 3. (Continued) 
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TABLE 6. MSFC/J70 GLOBAL DENSITY VALUES GIVEN PEAK SOLAR /GEOMAGNETIC 
CONDITIONS DURING A VERNAL EQUINOX FSRIOD 
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TABLE 7. EXTREMES OF DENSITY WITHIN AN ORBIT, VERSUS ALTITUDE AND 
GIVEN LOW THROUGH PEAK SOLAR /GEOMAGNETIC CONDITIONS 






Solar/ Geomagnet i c 

Category = 

Altitude Den. 

Km Cat . 

LOW 

F10.7 = 70 
Ap = ° 3 
Density Kg/m 

NOMINAL 
F10. 7 = ISO 
Ap = 15 

Density Kg/m 

HIGH 

F10.7 = 230 
Ap = 35 

Density Kg/m 3 

PEAK 

F10.7 * 230 
Ap = 400 
Density Kg/m 

1100 

min O.7491xl0" 1S 
mean 0.8193x10 15 
max 0 . 1090x10* 14 
percent: 46% 

0.2125xl0* 14 
0.3205xl0* 14 
0.5466x10 34 
157% 

0.6686xl0* 14 

0.1272xl0' 13 

0.2717xl0* 13 

306% 

0. 2883xl0* 13 
0.5017xl0* 13 
0. 9319x10* 13 
223% 

1000 

min 

0. 1075xl0* 14 

0 . 3188xlO* 14 

0. 1229xl0* 33 

0. 5827x10* 33 


mean 

0. 1191xl0' 14 

0 . 5 130x10* 34 

0. 2519xl0* 13 

0. 9890x10* 13 


max 

0.1640x10" 14 

0 .9665x10* 14 

0.5496xl0* 13 

0. 1776xl0* 12 


percent: S3% 

203% 

347% 

205% 

900 

min 

0. 1590xl0" 14 

0.5342xl0* 14 

0.2685xl0* 13 

0.1266xl0* 12 


mean 

0. 1806x10* 14 

0.9739xl0* 14 

0.5590xl0* 13 

0.2055xl0* 12 


max 

0.2362xl0* 14 

0.2058X10* 13 

0. 1198xl0* 12 

0. 3519x10* 12 


percent: 61% 

285% 

346% 

178% 

SOC 

min 

0. 2442x10* 34 

0.1120xl0* 33 

0.6879xl0* 13 

0.2921xl0* 12 


mean 

0.2912x10 *^ 4 

0.2335xl0* 13 

0.1372xl0* 12 

0.4483xl0* 12 


max 

0. 4392x10* 34 

0.5267xl0* 13 

0.2780xl0* 32 

0. 7253x10* 32 


percent: 80% 

370% 

304% 

148% 

750 

min 

0.3084xl0* 14 

0 . 1829x10* 13 

0.1155xl0* 12 

0.4529xl0' 12 


mean 

- 14 

0.385^x10 

0. 3954xlO~ 33 

0.2216xl0* 12 

0.6743xl0* 12 


max 

0.6220x10* 14 

0. 8922xl0* 33 

0. 4325xlO* 32 

0.1058X10* 11 


percent: 102% 

388% 

274% 

134% 

705 

min 

0. 3884xl0* 14 

0. 3056xl0* 13 

0. 1882xl0* 12 

0.6801xl0* 12 


mean 

0.5215X10* 14 

0.6640xl0' 13 

0. 3467xl0* 12 

0. 9846xl0* 12 


max 

0.9201x10 *^ 4 

0.1472xl0* 12 

0.6514xl0* 12 

0.1S02X10* 11 


percent: 137% 

382% 

246% 

121% 

700 

min 

0. 3992xl0* 34 

0.3248x10 33 

0. 1990xl0* 12 

0 . 7121xl0* 12 


mean 

0.5414xl0* 14 

O.'/OSOxlO* 33 

0. 3647xl0* 32 

0.1028X10* 11 


max 

0.966SxlO* 31 

0. 1S58X10* 12 

0.6823xl0* 12 

0. 1562X10* 11 


percent: 142% 

380% 

243% 

119% 

600 

min 

0.8076xl0* 14 

0. 1261xl0* 12 

0.6314xl0* 12 

0. 1844X10" 11 


mean 

0.1481xl0* 13 

0.2538X10' 12 

0.1044X10* 11 

0.2498X10* 11 


max 

0.3402xl0* 13 

0.5127xl0* 12 

0.1780X10' 11 

0. 3558x10 31 


percent: 321% 

307% 

182% 

93% 

556 

min 

0.1318xlP* 33 

0.2449xl0' 12 

0.1080xl0* U 

0.2873X10* 11 


mean 

0. 2832x10* 13 

0.4648xl0* 12 

0.1707X10* 11 

0.3785X10' 11 


max 

0.6926xl0* 13 

0.8931xl0* 12 

0.2781X10* 11 

0.5231X10* 11 


percent: 425% 

265% 

158% 

82% 


34 


* - Density (/>) Category: 


min = minimum p on orbit 
mean « mean f> on orbit 
max 1 maximum p on orbit 
percent ■ percentage increase 


from 


minjp 


to 


max p 


t 

’i 

1 

I 





n+ 





, \ 


TABLE 7. (Concluded) 



f 

i 


Solar/Geomagnetic 


*- 

Category <= 

LOW 

NOMINAL 

HIGH 

PEAK 





F10.7 = 70 

F10.7 = 150 

F10. 7 » 230 

F10. 7 - 230 



Altitude 

Den . 

Ap = 0 

Ap = 15 

Ap = 35j 

Ap = 4 00 j 



Km 

Cat . 

Density Kg/m 

Density Kg/m 

Density Kg/in 

Density Kg/m 



500 

min 

0.3205xl0* 13 

0.5931x10*“ 

0.2194xlO' U 

0.5177x10"*'* 




mean 

0.7699xl0‘* 3 

0.1038xl0' U 

0.3262X10' 11 

0.6579x10"** 




max 

0. 1883xl0' 12 

0.1857xlO' U 

0.503U10" 11 

0.8744x10"** 


. * 


percent: 488% 

213% 

129% 

69% 



445 

min 

0.1023xl0' 12 

0. 1480x10* ^* 

0.4579x10'** 

0.9585x10'*° 




mean 

0.2386xl0‘* 2 

0.2386x10'** 

0.6424xl0" U 

0.1175x10"*° 




max 

0. 5442xl0* 2 

0.3964X10* 11 

0.9353x10"** 

0. 1499x10'*° 




percent: 432% 

168% 

104% 

56% 



408 

min 

0.2S24xl0~ 12 

0.2835x10'** 

0.7763xlO" U 

0.1495x10'*° 




mean 

O.S461xlO' 12 

0.4325xl0' U 

0. 1047x10*° 

0.1787x10'*° 


- 


max 

0. 1160x10'** 

0.6827X10" 11 

0.1463xl0" 10 

0.2212x10'*° 




percent: 360% 

141% 

88% 

48% 


* - 

400 

min 

-12 

0.3061x10 

0. 32S0xl0~ 11 

0.8681xlO" U 

0. 1643x10'*° 


*■ 


mean 

0.6S06xl0' 12 

0.4904X10" 11 

0. 1161xl0" 10 

0. 1953xlC*° 


; 


max 

0.1360X10' 11 

0.7659xl0' U 

0. 1609x10*° 

0.2403x10"*° 




percent: 344% 

136% 

85% 

46% 


, 

300 

min 

0.4662x10'** 

0.2286x10*° 

0.43S9X10" 10 

0.6441x10"*° 




mean 

0.7608xl0' U 

0.2986xl0* 10 

0.5207xl0" 10 

0.7096x10"*° 


r 


max 

0. 1273x10*° 

0.4024x10*° 

0.6363xl0' 10 

0.7967x10"*° 




percent: 173% 

76% 

46% 

24% 



275 

min 

0.9900xl0~** 

0.4001xl0" 10 

0.6955xl0' 10 

0.9595x10"*° 




mean 

0. 1517xl0‘ 10 

0.5030x10*° 

0.8055x10"*° 

0 . 1036xl0 9 




max 

0.2397xl0' 10 

0.6501x10*° 

0.9501x10*° 

0. 1135xl0" 9 




percent: 142% 

62% 

37% 

18% 



250 

min 

0.2211xl0' 10 

0 .7326x10*° 

0. 1155xl0" 9 

0. 1486xl0* 9 




mean 

0.3188x10'*° 

0.8850xl0" 10 

0. 1296xl0 9 

0. 1574xlo' 9 




max 

0.4741x10*° 

0. 1094X10" 9 

0. 1475xl0' 9 

0. 1685x10 9 


- 


percent: 114% 

49% 

28% 

13% 


1 

230 

min 

0.4421xl0' 10 

0. 1239xl0 9 

0 . 1800xl0 9 

0. 2194xl0" 9 


i- 


mean 

0.60S9xl0' 10 

0. 1449xl0~ 9 

0. 1971xl0' 9 

0.2292xl0 9 


■ ? 


max 

0.8563x10*° 

0. 1723xl0 9 

0 2181xl0" 9 

0. 2412xl0" 9 


t 


percent: 94% 

39% 

21% 

10% 


^ f 

200 

min 

0.1405xl0' 9 

0. 2990x10 " 9 

0 . 3845xl0" 9 

0.4358xl0" 9 


: f 


mean 

0.1775xl0' 9 

0. 3323xl0* 9 

0. 4074x10 " 9 

0.4478xl0" 9 




max 

0.2299xl0’ 9 

0. 3737xl0 9 

0.4342x10° 

0. 4626xl0" 9 


1 


percent: 64% 

25% 

13% 

6% 


| 

130 

min 

0.7343x10"® 

0.8388x10"® 

0.8838x10"® 

0.9122x10'® 


I 


mean 

O.^OxlO'® 

0.8566x10"® 

0.8969x10'® 

0.9216x10"® 




max 

0.7992x10"® 

0.8784x10 8 

0.9126x10"® 

0.9326x10'® 




percent : 9% 

5% 

3% 

2% 



h 
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TABLE 9. SELECTED ORBIT DENSITY MEANS AT 500 km ALTITUDE, 
GIVEN 28.5 deg INCLINATION ORBIT, HIGH SOLAR /GEOMAGNETIC 
CONDITIONS AT VERNAL EQUINOX 


* Orbit Mean _ 

Longitude °E Density (kg/m 3 ) 


0 

0.3319 

X 

lo " 11 * ** 

20 

0.3317 

X 

10 -11 

40 

0.3312 

X 

lo ' 11 

60 

0.3306 

X 

lo " 11 

80 

0.3302 

X 

10- 11 

100 

0.3302 

X 

io -11 *** 

120 

0.3305 

X 

10- 11 

140 

0.3311 

X 

io - 11 

160 

0.3316 

X 

io - 11 


# Orbit Mean _ 

Longitude °E Density (kg/in ) 


180 

0.3319 

X 

io -11 ** 

200 

0.3317 

X 

IO' 11 

220 

0.3312 

X 

IO' 11 

240 

0.3305 

X 

IO" 11 

260 

0.3302 

X 

io " 11 

280 

0.3301 

X 

lo " 11 *** 

300 

0.3305 

X 

io -11 

320 

0.3311 

X 

io ' 11 

340 

0.3316 

X 

io - 11 


* Longitude of orbit crossing 

** highest orbit density mean 

lowest orbit density mean 


*** 


